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OBJECTIVE

Diabetes and obesity are highly prevalent among hospitalized patients with
coronavirusdisease2019 (COVID-19), but little is knownabout their contributions to
early COVID-19 outcomes.We tested the hypothesis that diabetes is a risk factor for
poor early outcomes, after adjustment for obesity, among a cohort of patients
hospitalized with COVID-19.

RESEARCH DESIGN AND METHODS

We used data from the Massachusetts General Hospital (MGH) COVID-19 Data
RegistryofpatientshospitalizedwithCOVID-19between11March2020and30April
2020. Primary outcomes were admission to the intensive care unit (ICU), need for
mechanical ventilation, and death within 14 days of presentation to care. Logistic
regression models were adjusted for demographic characteristics, obesity, and
relevant comorbidities.

RESULTS

Among 450 patients, 178 (39.6%) had diabetesdmostly type 2 diabetes. Among
patients with diabetes versus patients without diabetes, a higher proportion was
admitted to the ICU (42.1% vs. 29.8%, respectively, P5 0.007), requiredmechanical
ventilation (37.1% vs. 23.2%, P 5 0.001), and died (15.9% vs. 7.9%, P 5 0.009). In
multivariable logistic regressionmodels, diabeteswas associatedwith greater odds
of ICU admission (odds ratio 1.59 [95% CI 1.01–2.52]), mechanical ventilation (1.97
[1.21–3.20]), and death (2.02 [1.01–4.03]) at 14 days. Obesity was associated with
greater odds of ICU admission (2.16 [1.20–3.88]) and mechanical ventilation (2.13
[1.14–4.00]) but not with death.

CONCLUSIONS

Among hospitalized patients with COVID-19, diabetes was associated with poor
early outcomes, after adjustment for obesity. These findings can help inform
patient-centered care decision making for people with diabetes at risk for COVID-19.

Diabetes is one of the most common chronic conditions in the U.S., currently
estimated to affect 34.2 million people (10.5% of the U.S. population) (1). In addition
to the well-documented adverse health outcomes associated with this disease,
diabetes has also emerged as a commonly reported risk factor among people
hospitalized with coronavirus disease 2019 (COVID-19), caused by infection with the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (2–7). Following initial
reports of COVID-19 in Washington state (January 2020) (8), COVID-19 has spread
rapidly and resulted in.3.0 million cases and nearly 135,000 deaths in the U.S. as of
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July 2020 (9). The convergence of these
two epidemics has raised critical ques-
tions about the relationship between di-
abetes and COVID-19 severity (10,11),
particularly in light of the increasing rec-
ognition that obesity, which is also highly
prevalent in the U.S., is also a strong risk
factor for severe COVID-19 (12–14).
Consistent with early reports emerg-

ing from China (15,16), several U.S. stud-
ies have confirmed a high prevalence of
diabetes and obesity among hospitalized
patients with COVID-19 (4,13,17). How-
ever, few studies have evaluated whether
patients with diabetes who are hospital-
ized with COVID-19 are more likely to
experience poor early outcomes (4,11)
and whether this association remains after
adjustment for obesity status (4,13). Given
that ;61% of people with diabetes in the
U.S. have obesity (1), understanding the
contributionof these comorbidities toearly
outcomes among people hospitalized with
COVID-19 is critically important to inform
patient-centered care decision making for
people with these conditions. In this study,
we tested the hypothesis that diabetes is
associated with poor early outcomes of
hospitalization with COVID-19, even after
obesity and other relevant clinical charac-
teristics are accounted for.

RESEARCH DESIGN AND METHODS

Data Source and Sample
This study used data from the Massa-
chusetts General Hospital (MGH) COVID-
19 Data Registry. Patients were eligible
for inclusion in the registry if they pre-
sented to care (defined as the first con-
tact with the health care system with
COVID-19 symptoms) and were subse-
quently hospitalized at MGH with PCR-
confirmed SARS-CoV-2 infection between
11 March 2020 and 30 April 2020. Over
the study period, MGH had the highest
total number of hospitalized patients
with COVID-19 in Massachusetts, which
in turn has had one of the largest COVID-
19 case numbers in the U.S. as of June
2020 (9,18). All patients included in our
studywere followed for 14 days from the
date of initial presentation to care with
COVID-19. General inpatient diabetes at
MGH is managed mostly by the primary
medical team with basal-bolus supple-
mental insulin or supplemental insulin
alone for mild hyperglycemia, whereas
insulin drips are favored in the intensive
care unit (ICU) setting. Specialty consulta-
tion iswidely available for challengingcases.

Additional registry datawere collected
by performance of manual chart review
forkeyaspectsof thepastmedical history
and details of the hospitalization. Chart
review was performed by physicians and
research nurses and their assistants. All
members of the chart review team un-
derwent detailed training on the stan-
dard operating procedure for data
extraction, which was also subjected to
quality checks to ensure data accuracy
and minimize missing variables. In addi-
tion, height, weight, and BMI as well as
hemoglobin A1c (HbA1c) obtained during
the hospitalization and blood glucose at
admission during the index hospitaliza-
tion were obtained electronically through
the Enterprise Data Warehouse (EDW), a
repository that was derived from the Epic
electronic medical records system. For
patients with diabetes who did not have
an HbA1c measured during the index
hospitalization, we obtained HbA1c val-
ues directly from the historical electronic
medical record if available within the
year preceding the index hospitalization
for inclusion in a subgroup analysis of the
relationship between baseline glycemic
control and 14-day outcomes. The reg-
istry and this research were approved by
thePartnersHealthCare InstitutionalReview
Board (protocol number 2020P000829).

Definitions of Diabetes, Obesity, and
Clinical Covariates
Diabetes was defined based on the fol-
lowing criteria: 1) past medical history of
diabetes as documented in the medical
record and manually retrieved on chart
review, 2) HbA1c$6.5% during the index
hospitalization, or 3) random blood
glucose$200 mg/dL at admission to the
hospital with supportive history by chart
review. Only four individuals had a pre-
senting random blood glucose of $200
mg/dL in the absence of a recent elevated
HbA1c or chart review diagnosis of di-
abetes. Two endocrinologists adjudi-
cated these cases and determined that
two of the four individuals had diabetes.
The distribution of diabetes diagnoses
based on these criteria is provided in the
Supplementary Materials (p. 2). BMI, de-
fined as weight in kilograms divided by the
square of height in meters, was available
from the EDW and was defined using
standard BMI thresholds of,18.5 kg/m2

for underweight, 18.5–24.9 kg/m2 for
normalweight, 25.0–29.9kg/m2 forover-
weight, and $30.0 kg/m2 for obese.

Additional analyses with subcategoriza-
tion of the BMI$30.0 kg/m2 group into
$30.0–34.9 kg/m2 and$35.0 kg/m2 are
provided in the Supplementary Materials
(p. 7). Models were adjusted for race/
ethnicity (available from the EDW based
on self-report) and defined as non-
Hispanic White, non-Hispanic African
American,Hispanic, other, andunknown.
Finally, we manually extracted comorbid-
ities that have commonly been reported
among hospitalized patients with
COVID-19 (17): coronary artery disease
(CAD) or myocardial infarction (MI),
congestive heart failure (CHF) (including
both heart failure with preserved ejec-
tion fraction and heart failure with re-
duced ejection fraction), hypertension,
renal disease, liver disease, chronic ob-
structive pulmonary disease (COPD) or
asthma, and active malignancy, using
standard clinical diagnostic criteria.

Statistical Analysis
The primary outcomes in this study were 1)
admission to the ICU, 2) need formechan-
ical ventilation, and 3) death among hos-
pitalized patients with COVID-19 within
14 days of presentation to care. These
states were not mutually exclusive, so an
individual couldexperiencemore thanone
of these outcomes within the 14-day
period. The exposure of interest was
diabetes as defined above and, as a
secondary exposure of interest, BMI cat-
egory. We first described differences in
the demographic and health character-
istics by diabetes status. We used t tests
to compare means and x2 tests to com-
pare proportions. We then stratified the
cohort by diabetes status and BMI cat-
egory and compared the proportions of
people with and without diabetes within
each BMI category for all three outcomes
usingx2 tests. To test the hypothesis that
poor baseline glycemic control would be
associated with severe COVID-19, we
conducted a subanalysis of the group
with diabetes and compared the pro-
portion of people by outcome according
to HbA1c values obtained either during
the hospitalization if available or using
the most recent value available in the
year preceding the index hospitalization.
HbA1c was categorized as poor glycemic
control (HbA1c.9.0%according toHEDIS
definition [19]) versus better glycemic
control: #7.0% and .7.0–9.0%. Lastly,
we conducted univariate and multivari-
able logistic regression to evaluate the
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association of diabetes, BMI category,
and each of the primary outcomes. Mul-
tivariable models were additionally ad-
justed for age, sex, race/ethnicity, and
comorbidities. Given that there were
individuals who died prior to being me-
chanically ventilated, we conducted sen-
sitivity analyses that excluded these
individuals as well as a composite out-
come “mechanical ventilation or death,”
which we provide in the Supplementary
Materials (p.6). In all analyses, results
were considered statistically significant if
the corresponding P value was ,0.05.
Analyseswere conducted in Stata v. 15.1.

RESULTS

This article reports on 450 people who
were eligible for inclusion in the MGH
COVID-19 Data Registry and were hos-
pitalized at MGH with SARS-CoV-2 in-
fection between 11 March 2020 and
30 April 2020. The baseline character-
istics of the study population are sum-
marized in Table 1. Of the 450 patients,
178 (39.6%) had diabetes, the vast ma-
jority ofwhichwas type2diabetes (mean
HbA1c 8.1%). Patientswith diabeteswere
older than thosewithout diabetes (mean
age 66.7 vs. 61.6 years), and 42.1% of
patients with diabetes were age $70
years (Table 1). There was a higher pro-
portion of patients with diabetes who
had obesity (51.4%, x2df 5 2 5 9.6, P 5
0.008) compared with the proportion of
those without diabetes (36.8%). A higher
proportion of patients with diabetes
had a past medical history of CHF, hy-
pertension, and renal disease compared
with the proportion of patients without
diabetes (Table 1).

Outcomes by Diabetes, BMI Category,
and Baseline Glycemic Control
Therewere 156 ICU admissions, 129 peo-
plewho requiredmechanical ventilation,
and 49 deaths during the first 14 days
after presentation to care. Among pa-
tients with diabetes versus patients with-
out diabetes, a higher proportion was
admitted to the ICU (42.1% vs. 29.8%,
respectively, x2df 5 1 5 7.3, P 5 0.007),
had mechanical ventilation (37.1% vs.
23.2%,x2df5 1510.2,P50.001), or died
(15.9% vs 7.9%,x2df5 15 6.8, P5 0.009)
over this time horizon (Fig. 1). The nu-
merical counts for patients requiring ICU
admission and mechanical ventilation
were higher for people with diabetes
than for people without diabetes within

each BMI category, but pairwise compar-
isons of the proportions did not achieve
statistical significance (Fig. 2). In a sub-
analysis of people with diabetes and
HbA1c (n5 168), the proportion of people
who required ICU admission andmechan-
ical ventilationwas greater among people
with HbA1c .9.0 (52.5% and 47.5%,
respectively) than among people with
HbA1c .7.0–9.0% (40.3% and 36.1%,
respectively) and #7.0% (41.4% and
33.9%, respectively), but the differences
did not achieve statistical significance at
the 0.05 level (Supplementary Materials,
p. 3).Multivariable logistic regressionmod-
els that include baseline glycemic control
as a dichotomous variable are provided
in the Supplementary Materials (p. 4).

Logistic Regression Models of ICU
Admission, Mechanical Ventilation,
and Death
Univariate models are provided in the Sup-
plementary Materials (p. 5). In multivar-
iable logistic regression models, diabetes
was associated with greater odds of ICU
admission (odds ratio [OR] 1.59 [95% CI
1.01–2.52]),mechanical ventilation (1.97
[1.21–3.20]), and death (2.02 [1.01–4.03])
after adjustment for age-group, sex,
race/ethnicity, BMI category, and med-
ical comorbidities (Table 2). Obesity was
associated with greater odds of ICU
admission (2.16 [1.20–3.88])andmechan-
ical ventilation (2.13 [1.14–4.00]) but not
with greater odds of death (1.10 [0.50–
2.45]) (Table 2). Age $70 years was
associated with increased odds of death
(12.66 [1.50–106.56]), after adjustment
for all other characteristics.Male sex (1.60
[1.00–2.57]) and Hispanic ethnicity (1.94
[1.08–3.44]) were associated with need
for mechanical ventilation as compared
with female sex and White/Non-Hispanic
race/ethnicity, respectively. Interaction
terms for diabetes and obesity in the
models of both ICU admission and need
for mechanical ventilation were tested
and were not statistically significant. In a
sensitivity analysis that excluded people
who diedwithout havingmechanical ven-
tilation, the association between diabetes
and mechanical ventilation (OR 2.01
[1.24–3.25]) and obesity and mechanical
ventilation (2.01 [1.05–3.82]) remained
of amagnitude and significance similar to
those in theprimaryanalysis (Supplementary
Materials, p. 6).Multivariable logistic regres-
sion analysis with additional subcatego-
rization of the BMI group $30.0 kg/m2

showed that BMI $30.0–34.9 kg/m2

remained associated with greater odds
of ICU admission (2.20 [1.14–4.27]) and
mechanical ventilation (2.32 [1.15–4.68]),
but the $35.0 kg/m2 category was only
associated with greater odds of ICU ad-
mission (2.11 [1.09–4.09]) (Supplementary
Materials, p. 7).

CONCLUSIONS

In this observational study of 450 patients
hospitalized with COVID-19, we found
that compared with proportions of pa-
tients without diabetes, greater proportions
of patients with diabetes were admitted
to the ICU, required mechanical ventila-
tion, and died within 14 days of pre-
sentation to care. We also found that
diabetes was associated with 1.6-fold
increased odds of ICUadmission, 2.0-fold
increased odds of mechanical ventila-
tion, and2.0-fold increasedoddsofdeath
within 14days frompresentation to care,
after adjustment for obesity. These find-
ings add to the growingbodyof literature
about the relationship of diabetes, obe-
sity, and COVID-19 severity among peo-
plehospitalizedwithCOVID-19 in theU.S.
andexpandour current understanding of
the contributions of these two conditions
to early outcomes among people hospi-
talized with COVID-19. Given the high
prevalence of diabetes and obesity in the
U.S. (1) and the rapidly rising case num-
bers of COVID-19 (9), these findings have
important implications for patient-centered
care decision making for people with met-
abolic disease and COVID-19.

Several other important findings emerged
fromouranalysis. First,we found that the
proportion of people with and without
diabetes who were admitted to the ICU
andwho requiredmechanical ventilation
was higher in magnitude with increasing
BMI category.Wealso found that obesity
was associated with 2.2-fold increased
odds of ICU admission and 2.1-fold in-
creased odds of mechanical ventilation
compared with normal weight, after
adjustment for diabetes, age, sex, race/
ethnicity, and major comorbidities. These
findings are consistent with numerous
studies reporting that obesity is a strong
risk factor for severe COVID-19 (12–14)
and add to the current literature by
showing that this association persists at
lower BMI thresholds than previously
reported in a U.S. population (4,13).

Second, we did not find a significant
difference in the association between

2940 Diabetes and Poor Early Outcomes of COVID-19 Diabetes Care Volume 43, December 2020

https://doi.org/10.2337/figshare.12766001
https://doi.org/10.2337/figshare.12766001
https://doi.org/10.2337/figshare.12766001
https://doi.org/10.2337/figshare.12766001
https://doi.org/10.2337/figshare.12766001
https://doi.org/10.2337/figshare.12766001
https://doi.org/10.2337/figshare.12766001
https://doi.org/10.2337/figshare.12766001
https://doi.org/10.2337/figshare.12766001
https://doi.org/10.2337/figshare.12766001


poor baseline glycemic control, as mea-
sured byHbA1c.9.0 at hospitalization or
within the year prior to admission, and
early outcomes in this cohort; however,
the proportion of patients with severe
COVID-19 was higher in magnitude
among patients with poor glycemic con-
trol compared with that among patients
with better glycemic control. Although
there has been little study of prehospi-
talization HbA1c and COVID-19 outcomes,
mounting evidence suggests that poor
glycemic control among hospitalized pa-
tients with COVID-19 is associated with
adverse outcomes, including highermor-
tality (20–23). Since the lack of an asso-
ciation between baseline glycemic control
andearly outcomesmayhavebeen limited
by sample size in our study, the questionof
whether baseline glycemic control is asso-
ciatedwith poor early COVID-19 outcomes
remains a critically important one in con-
sideration of the implications for risk strat-
ification for this patient population.

Third, we found that Hispanic ethnicity
was associated with greater odds of me-
chanical ventilation. This finding is con-
sistent with recent data showing that
ethnic minorities in the U.S. have a
greater risk of poor COVID-19 outcomes
(24–27). However, understanding the
relationship between race/ethnicity and
COVID-19 severity requires a more com-
plex framework than afforded by the
scope of this analysis. Given the limited
data on racial/ethnic disparities and
COVID-19 severity, future studies are
needed to better understand these find-
ings. Finally, the lack of an association
between other major comorbidities and
COVID-19 severity is also consistent with
most U.S.-based adjusted analyses to
date (4,13) but may also be related to
limited power, since these comorbidities
were less common than diabetes and
obesity in our sample.

Our findings are consistent with nu-
merous studies that have reported a high

prevalence of diabetes among people with
severe COVID-19 (2,4,5,7,13,15,28,29) and
add to the growing literature regarding the
intersectionof theseepidemicsbyshowing
that the relationship between diabetes and
increased odds of three key measures of
COVID-19 severity at 14 days remains after
adjustment for obesity. While several in-
ternational studies have analyzed the as-
sociation between diabetes and severe
COVID-19 (30,31), only a few studies
have presented this association accord-
ing to stratified outcomes among patients
hospitalized with COVID-19 (32,33). In
their cross-sectional analysis of 51,633
Mexican subjects with COVID-19, Bello-
Chavolla et al. (30) showed that diabetes
(self-reported in 18.3% of subjects) and
obesity (self-reported in 20.7% of sub-
jects) were associated with greater odds
of hospitalization, ICU admission, and
mechanical ventilation. With use of a
mechanistic COVID-19 lethality score,
early-onset diabetes (defined as diabetes
among individuals younger than 40 years
of age) also emerged as an important
predictor of mortality (hazard ratio 2.86
[95% CI 2.19–3.76]). In a similar study of
50,411 Mexican individuals with COVID-
19, Gutierrez and Bertozzi reported that
diabetes was associated with a 1.21 odds
of mechanical ventilation and 1.95 odds
of death (32). Although the effect size
of these associations was larger in our
study, it is possible that the risk was
underestimated in the study by Gutierrez
and Bertozzi due to use of self-reported
diabetes diagnosis only and the possible
misclassification of individuals without
diabetes who in fact had diabetes.

Few studies evaluating the association
between diabetes and COVID-19 severity
have been published to date in a U.S.
population. In a longitudinal cohort study
of 2,729 patients hospitalized with
COVID-19 in New York, Petrilli et al. (4)
showed that diabetes and obesity ($40
kg/m2) were associated with 1.2 and 1.5
increased odds of critical illness, respec-
tively. However, Petrilli et al. defined
critical illness as a composite of care in
the ICU, use of mechanical ventilation,
discharge to hospice, or death, thus
capturing a composite outcome. While
composite outcomes are based in an
assumption that components have the
same directional relationship with the
treatment or exposure, our analysis sug-
gests that components of this outcome
may have different relationships with

Table 1—Characteristics of 450 hospitalized people with COVID-19 and with or
without diabetes

No diabetes Diabetes
P(N 5 272) (N 5 178)

Age (years), mean 6 SD 61.1 6 18.8 66.7 6 14.2 0.007

Age (years), n (%)
,50 84 (31) 20 (11.2) ,0.001
50–59 41 (15.1) 41 (23.0)
60–69 40 (14.8) 42 (23.6)
$70 106 (39.1) 75 (42.1)

Sex, n (%)
Male 149 (54.8) 110 (61.8) 0.14
Female 123 (45.2) 68 (38.2)

HbA1c (%), mean 6 SD d 8.1 6 2.0

Race/ethnicity, n (%)
White 136 (50.8) 89 (50.3) 0.26
Hispanic 83 (30.5) 41 (23.0)
African American 18 (6.6) 19 (10.7)
Other 8 (2.9) 7 (3.9)
Unknown/missing 27 (9.9) 22 (12.4)

BMI category, n (%)
Underweight/normal 67 (24.6) 36 (20.3) 0.008
Overweight 105 (38.3) 50 (28.3)
Obese 100 (36.8) 91 (51.4)

Comorbidities, n (%)
CAD or MI 47 (17.3) 44 (24.7) 0.06
CHF 23 (8.4) 29 (16.3) 0.01
Hypertension 44 (24.7) 134 (75.3) ,0.001
COPD/asthma 66 (24.3) 46 (25.8) 0.71
Cancer (active) 17 (6.3) 4 (2.3) 0.05
Liver disease 25 (9.4) 21 (11.9) 0.41
Renal disease 40 (14.9) 46 (26.0) 0.004

t tests were used to compare means and x2 tests were used to compare proportions. BMI
categorization: ,18.5 kg/m2 for underweight, .18.5–24.9 kg/m2 for normal weight, .25.0–
29.9 kg/m2 for overweight, and .30.0 kg/m2 for obese. The majority of diabetes cases were
type 2 diabetes; only two patients in the cohort had type 1 diabetes.
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diabetes and obesity. Palaiodimos et al.
(13) analyzed data on the first 200 pa-
tients admitted with COVID-19 to a ter-
tiary hospital in the Bronx, New York.
Patients were followed for 3 weeks after
admission to the hospital. In contrast to
the findings of our study, only BMI $35

kg/m2wasassociatedwithpoorCOVID-19
outcomes (13). Although diabetes did not
emerge as a risk factor for severe COVID-
19 in their study, the lack of an association
may have been due to limitations of a
small sample size of people with diabetes
(n 5 79).

Aside from previously studied mech-
anisms that predispose people with di-
abetes to higher risk of infections, such
as impaired immunity (33,34), several
mechanisms have been proposed sug-
gesting a specific association between
diabetes and SARS-CoV-2 illness severity
(2). Rao, Lau, and So (35) showed that
diabetes and related traits are asso-
ciated with increased expression of
ACE2, the receptor for SARS-CoV-2, which
could influence susceptibility and sever-
ity of infection. In addition, cytokines
may be another mechanistic link be-
tween diabetes and SARS-CoV-2 illness
severity. For instance, interleukin-6 (IL-
6), a pleiotropic cytokine that is increased
in diabetes andmetabolic disorders (10),
has also emerged as a predictor of poor
prognosis among people with COVID-19
(36). However, becausemost studies are
preliminary, additional work is needed
to understand mechanisms underlying
the association between diabetes and in-
creased COVID-19 severity (7).

One of the strengths of this study is
that manual chart review allowed for
detailed patient information to be in-
corporated into the analysis, including
the adjudication of diabetes status by
endocrinologists. However, this study
had several limitations. First, the study
was conducted at a single institution in
Massachusetts, which had a different
COVID-19 prevalence, rate of COVID-19
case increase, and ICU bed capacity (18)

Figure 1—Fourteen-day outcomes among 450 hospitalized patients with COVID-19, according to
diabetes status. Three outcomes are shown on the x-axis, and the percentage of patients in each
outcome group is shown on the y-axis. Within each outcome, all pairwise x2 tests were P, 0.05.

Figure 2—Fourteen-day outcomes among 450 hospitalized patients with COVID-19, according to diabetes status and BMI category. Each panel
represents an outcome: ICU admission (A), mechanical ventilation (B), and death (C). Three BMI categories are shownon the x-axis, and the percentage
of patients in each BMI category is shown on the y-axis. Within each BMI category, all pairwise x2 testing was not statistically significant.
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than the sites of other studies referenced
here (4,13). Second, the sample size for
this study was limited, which may have
affected our ability to detect significant
differences, especially in the association
between prehospitalization glycemic con-
trol and the outcomes of interest. How-
ever, despite the small sample size, the
completeness of data allowed us to rig-
orously evaluate the primary exposures,
outcomes, and covariates, includingmed-
ical comorbidities. Another important lim-
itation is that people who died without
escalation of caremay have opted against
admission to the ICU, for instance, due to
do-not-resuscitate/do-not-intubate code
status, hence reflecting their outcome in
the context of their goals of care rather
than as part of their course throughout
the hospitalization with COVID-19. How-
ever, in sensitivity analyses that excluded
these individuals and in one that included
a composite outcome of mechanical ven-
tilation or death, the magnitude and
significance of the main associations
reported remained. Lastly, the observa-
tional data andmethodological approach
used in this study identified potentially

important associations but do not estab-
lish causal relationships.

The convergence of the diabetes and
COVID-19 epidemics has raised critical
concerns regarding the heightened illness
severity associated with these conditions
(10,11). This is a cause for particular concern
in the U.S., where the prevalence of
metabolic disease is high and may place
many people at greater risk of developing
severe COVID-19 should they become
infected with SARS-CoV-2. In this study,
we showed that diabetes was associated
with poor early outcomes among hospi-
talized patients with COVID-19, after
adjustment for obesity, which was also a
strong risk factor for poor early out-
comes. Our findings can help guide risk
mitigation efforts and patient-centered
care decision making for people with
diabetesandobesity, particularly inareas
of the U.S. with a high prevalence of
diabetes and obesity that are in early
phases of the SARS-CoV-2 outbreak. Fu-
ture research is urgently needed to better
understand the mechanisms underlying
the relationship betweendiabetes, obesity,
and COVID-19 severity and approaches to

prevent and treat people with metabolic
disease and COVID-19.

Acknowledgments. The authors thank the
COVID-19 Data Registry Team at MGH for their
leadership in creating this valuable resource. In
particular, the authors thank the numerous manual
chart reviewers and experienced data managers
for their methodological expertise, time, and effort.
Funding. Support for the MGH COVID-19 Data
Registry was provided by the MGH Division of
Clinical Research. J.S. and S.J.C. are supported by
National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) grant T32DK007028.
J.P. is supported by NIDDK grant 5T32DK007191-45.
V.A.T. is supported by National Heart, Lung, and
Blood Institute, National Institutes of Health
(NIH), grant R01HL132786 and National
Institute of Allergy and Infectious Diseases,
NIH, grant R01AG062393. J.M.-G. is supported
by National Institute of Allergy and Infectious
Diseases grant T32AI007433. I.V.B. is supported
by National Institute of Allergy and Infectious
Diseases grant K24AI141036. A.S.F. is supported
by National Institute of General Medical Sciences,
NIH, grant R01GM127862. J.H. is supported by
National Institute on Aging grant R01AG062282
and NIDDK grant R01DK085070.
The contents of this research are solely the

responsibility of the authors.
Duality of Interest. D.J.W. reports serving on a
data monitoring committee for Novo Nordisk. A
close family member of S.J.C. is employed by a
Johnson & Johnson company. J.B.M. is an Aca-
demic Associate for Quest Diagnostics. J.H. has
consulted for several health care systems. No
other potential conflicts of interest relevant to
this article were reported.
AuthorContributions. J.M.-G., J.S., J.P., D.J.W.,
and J.B.M. co-conceived the study. J.M.-G., J.S.,
J.P.,D.J.W., and J.B.M. led theanalysis,whichwas
carried out by J.M.-G. A.S.F. provided additional
input on the analysis. J.M.-G., J.S., and J.P. wrote
the first draft of the manuscript, and all authors
provided critical input on multiple iterations. All
authors approved the final version. J.M.-G. is the
guarantor of this work and, as such, had full
access to all the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.

References
1. Centers for Disease Control and Prevention.
National Diabetes Statistics Report, 2020. Ac-
cessed 16 July 2020. Available from https://
www.cdc.gov/diabetes/data/statistics-report/
index.html
2. SinghAK, Gupta R, GhoshA,MisraA. Diabetes
in COVID-19: prevalence, pathophysiology, prog-
nosis and practical considerations. DiabetesMetab
Syndr 2020;14:303–310
3. Yang J, Zheng Y, Gou X, et al. Prevalence of
comorbidities and its effects in patients infected
with SARS-CoV-2: a systematic review andmeta-
analysis. Int J Infect Dis 2020;94:91–95
4. Petrilli CM, Jones SA, Yang J, et al. Factors
associated with hospital admission and critical
illness among 5279 peoplewith coronavirus disease
2019 in New York City: prospective cohort study.
BMJ 2020;369:m1966

Table 2—Multivariable logistic regression analysis of 14-day outcomes among
450 hospitalized people with COVID-19

14-day outcomes, OR (95% CI)

ICU admission Mechanical ventilation Death
(N 5 436) (N 5 436) (N 5 417)

Diabetes 1.59 (1.01–2.52) 1.97 (1.21–3.20) 2.02 (1.01–4.03)

BMI category
Overweight 1.42 (0.78–2.58) 1.42 (0.75–2.71) 0.60 (0.25–1.44)
Obese 2.16 (1.20–3.88) 2.13 (1.14–4.00) 1.10 (0.50–2.45)

Age (years)
50–59 1.13 (0.57–2.24) 1.02 (0.50–2.08) 3.74 (0.40–34.54)
60–69 1.22 (0.60–2.49) 1.20 (0.57–2.54) 4.57 (0.50–41.9)
$70 1.41 (0.69–2.85) 1.72 (0.82–3.61) 12.66 (1.50–106.56)

Male 1.36 (0.88–2.12) 1.60 (1.00–2.57) 1.35 (0.66–2.75)

Race/ethnicity
Hispanic 1.60 (0.93–2.76) 1.94 (1.08–3.44) 0.44 (0.15–1.25)
African American 1.36 (0.62–2.97) 1.47 (0.64–3.40) 0.35 (0.07–1.62)
Other 2.30 (0.76–6.98) 1.72 (0.53–5.60) d
Unknown/missing 2.75 (1.38–5.47) 2.34 (1.15–4.76) 0.68 (0.21–2.18)

CAD or MI 0.63 (0.33–1.19) 0.55 (0.27–1.11) 0.71 (0.31–1.61)

CHF 1.65 (0.77–3.51) 0.98 (0.42–2.26) 1.94 (0.78–4.85)

Hypertension 0.96 (0.57–1.60) 0.78 (0.45–1.35) 1.33 (0.57–3.10)

COPD/asthma 0.66 (0.39–1.11) 0.55 (0.31–0.98) 0.75 (0.35–1.60)

Cancer (active) 0.60 (0.18–1.94) 0.55 (0.15–2.05) 1.57 (0.46–5.36)

Liver disease 1.13 (0.57–2.23) 1.10 (0.54–2.25) 0.91 (0.27–3.03)

Renal disease 0.89 (0.49–1.64) 1.09 (0.58–2.09) 1.22 (0.55–2.73)

Referencegroups: “nodisease” fordiabetesandall comorbidities,normalweight forBMIcategory,
age ,50 years, female sex, and non-Hispanic White. Events per outcome: 156 people were
admitted to the ICU, 129 people were mechanically ventilated, and 49 people died within 14 days
of presentation to care.

care.diabetesjournals.org Seiglie and Associates 2943

https://www.cdc.gov/diabetes/data/statistics-report/index.html
https://www.cdc.gov/diabetes/data/statistics-report/index.html
https://www.cdc.gov/diabetes/data/statistics-report/index.html
http://care.diabetesjournals.org


5. Zheng Z, Peng F, Xu B, et al. Risk factors of
critical & mortal COVID-19 cases: a systematic
literature review and meta-analysis. J Infect 2020;
81:e16–e25
6. Wang X, Wang S, Sun L, Qin G. Prevalence of
diabetesmellitus in 2019 novel coronavirus: ameta-
analysis. Diabetes Res Clin Pract 2020;164:108200
7. Shabto JM, Loerinc L, O’Keefe GA, O’Keefe J.
Characteristics and outcomes of COVID-19 posi-
tive patients with diabetes managed as outpa-
tients. Diabetes Res Clin Pract 2020;164:108229
8. Holshue ML, DeBolt C, Lindquist S, et al.;
Washington State 2019-nCoV Case Investigation
Team. First case of 2019 novel coronavirus in the
United States. N Engl J Med 2020;382:929–936
9. CDC. Coronavirus Disease 2019 (COVID-19) in
the U.S.: Cases, Data & Surveillance: Cases in the
U.S. Atlanta, GA, Centers for Disease Control and
Prevention, 2020. Accessed 4 May 2020. Avail-
able from https://www.cdc.gov/coronavirus/
2019-ncov/cases-updates/cases-in-us.html
10. Maddaloni E, Buzzetti R. Covid-19 and di-
abetes mellitus: unveiling the interaction of two
pandemics. Diabetes/Metabolism Research and
Reviews. 31 March 2020 [Epub ahead of print]
DOI: 10.1002/dmrr.3321
11. RiddleMC,BuseJB,FranksPW,etal.COVID-19in
people with diabetes: urgently needed lessons from
early reports. Diabetes Care 2020;43:1378–1381
12. CaiQ,ChenF,WangT,etal.ObesityandCOVID-
19 severity in a designated hospital in Shenzhen,
China. Diabetes Care 2020;43:1392–1398
13. Palaiodimos L, Kokkinidis DG, Li W, et al.
Severe obesity, increasing age and male sex are
independently associated with worse in-hospital
outcomes, and higher in-hospital mortality, in a
cohort of patients with COVID-19 in the Bronx,
New York. Metabolism 2020;108:154262
14. Gao F, Zheng KI, Wang X-B, et al. Obesity is a
risk factor for greater COVID-19 severity. Di-
abetes Care 2020;43:e72–e74
15. Guan WJ, Ni ZY, Hu Y, et al.; China Medical
Treatment Expert Group for Covid-19. Clinical
characteristics of coronavirus disease 2019 in
China. N Engl J Med 2020;382:1708–1720

16. Wu C, Chen X, Cai Y, et al. Risk factors
associated with acute respiratory distress syn-
drome and death in patients with coronavirus
disease 2019 pneumonia inWuhan, China. JAMA
Intern Med 2020;180:1–11
17. RichardsonS,Hirsch JS,NarasimhanM,et al.;
Northwell COVID-19 Research Consortium. Pre-
senting characteristics, comorbidities, and out-
comes among 5700 patients hospitalized with
COVID-19 in the New York City area. JAMA 2020;
323:2052–2059
18. COVID-19 Response Reporting. Common-
wealth of Massachusetts. Accessed 15 June
2020. Available from https://www.mass.gov/
info-details/covid-19-response-reporting
19. HEDIS Measures and Technical Resources.
Washington, DC, National Committee for Quality
Assurance. Accessed 4 June 2020. Available from
https://www.ncqa.org/hedis/measures/
20. Wang Z, Du Z, Zhu F. Glycosylated hemoglobin
is associated with systemic inflammation, hyper-
coagulability, and prognosis of COVID-19 patients.
Diabetes Res Clin Pract 2020;164:108214
21. Bode B, Garrett V, Messler J, et al. Glycemic
characteristics and clinical outcomes of COVID-
19 patients hospitalized in the United States. J
Diabetes Sci Technol 2020;14:813–821
22. Zhu L, She Z-G, Cheng X, et al. Association of
blood glucose control and outcomes in patients
with COVID-19 and pre-existing type 2 diabetes.
Cell Metab 2020;31:1068–1077.e3
23. Wu J, Huang J, Zhu G, et al. Elevation of blood
glucose level predicts worse outcomes in hospital-
ized patients with COVID-19: a retrospective cohort
study. BMJOpenDiabetes Res Care 2020;8:e001476
24. Azar KMJ, Shen Z, Romanelli RJ, et al. Dis-
parities in outcomes among COVID-19 patients
in a large health care system in California. Health
Aff (Millwood) 2020;39:1253–1262
25. Kim SJ, Bostwick W. Social vulnerability and
racial inequality in COVID-19 deaths in Chicago.
Health Educ Behav 2020;47:509–513
26. COVID-19:Data: Summary. City of NewYork.
Accessed 29 May 2020. Available from https://
www1.nyc.gov/site/doh/covid/covid-19-data.page
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